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(g) Method for production of absorbent resin. 

(57) A method for the production of an absorbent resin retaining at a high level an absorption capacity 
without load, one of the basic physical properties of absorbent resin, and excelling in an absorption 
capacity under load is provided. The production is attained by mixing an absorbent resin as a base 
polymer possessing a carboxyt group with a first cross-linking agent possessing a solubility parameter 
(SP value) of not less than 12.5 (cal/cm 3 ) 1/2 and exhibiting reactivity with the carboxyl group and a 
second crosslinking agent possessing a solubility parameter (SP value) of less than 12.5 (cal/crrt 3 )" 2 and 
exhibiting reactivity with the carboxyl group and then subjecting the resultant mixture to a heat 
treatment at a temperature not less than 160 °C. 
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This invention relates to a method for the production of an absorbent resin. More particularly, it relates to 
a method for the production of an absorbent resin which exhibits high level of absorption capacity under load 
as well as absorption capacity without load and, when used in a sanitary material, manifests a particularly 
excellent quality. 

5 Absorbent resins have been finding extensive utility in recent years as one of the component substances 

for such sanitary materials as disposable diapers and sanitary napkins which are intended for the absorption 
of bodily humors. 

The absorbent resins which have been known in the art include partially neutralized cross-linked polya- 
cryiic acids (JP-A-S HO- 55-84, 304, JP-A-S HO- 55- 108.407, and JP-A-SHO-55-133,413), hydroryzates of 
10 starch-acryionitrile graft polymers (JP-A-S H 0-46-43,99 5), neutralized starch-acrylic acid graft polymer (JP- 
A-SHO-51 -125,468), saponified vinyl acetate-acrylic ester copolymers (JP-A-SHO-52- 14,689), hydrolyzed 
acrylonitrile copolymers or acrylamide copolymers (JP-A-SHO-53-1 5,959) or cross-linked products of such 
hydrolyzates, and cross-linked cationic monomers (JP-A-SHO-58- 154,709 and JP-A-SHO-58- 154,710), for 
example. 

15 The absorbent resins are desired to excel in such characteristic properties as the absorption capacity, 

the absorption rate, the liquid permeability, the gel strength and the suction power to absorb liquid from a 
substrate containing the aqueous liquid, for example. These characteristic properties, however, do not nec- 
essarily show a positive correlation. Such physical properties as liquid permeability, gel strength, and absorp- 
tion rate, for example, decline in accordance with the increase of absorption capacity. 

20 As means for conferring an ideally balanced improvement on the various absorption properties of an ab- 

sorbent resin, the technique of cross-linking the surface region of the absorbent resin has been known to the 
art Various methods for working this technique have been proposed to date. 

For example, as a cross-linking agent, the method using a polyhydric alcohol (JP-A-SHO-58- 180,233 and 
JP-A-SHO-61- 16,903), the method using a polyglycidyl compound, a polyaziridine compound, a polyamine 

25 compound, or a polyisocyanate compound (JP-A-SHO-59-189,103), the method using glyoxal (JP-A-SHO-52- 
117,393), the method using a polyvalent metallic element(JP-A-SHO-51- 136.588. JP-A-SHO-61-257.235, and 
JP-A-SHO-62-7,745, the method using a silane coupling agent (JP-A-SHO-61 -211, 305, JP-A-SHO-61- 
252,212, and JP-A-SHO-61 -264,006), the method using an epoxy compound and a hydroxy compound (JP- 
A-HEI-2-132,103), and the method using an alkylene carbonate (DE-4020780) have been known in the art. 

30 Besides these methods, during the cross-linking reaction, the method using the presence of an inert inorganic 
powder (J P-A-SHO-60- 163,956 and JP-A-SHO-60-255,814), the method using the presence of a dihydric al- 
cohol (JP-A-HEI-1 -292,004), the method using the presence of water and an ether compound (JP-A-HEI-2- 
153,903), etc. have been also known. 

These methods indeed bring about a perceptibly balanced improvement of the physical properties of an 

35 absorbent resin. The improvement, however, can hardly be called sufficient. The absorbent resins are still in 
need of a further improvement in quality. Particularly in recent years, the desirability of an absorbent resin 
which retains at a high level the absorption capacity without load, one of the basic physical properties of the 
conventional absorbent resin, and meanwhile excels in absorption properties underload, particularly the ab- 
sorption capacity under load, has come to find growing recognition. Naturally, the absorption capacity without 

40 load and the absorption capacity under load are generally in a contradictory relation. In fact, the heretofore 
known techniques for cross-linking the surface region of an absorbent resin are such that they cannot fully 
satisfy this desirability. 

It is, therefore, an object of this invention to provide a method for the production of an aborbent resin. 

Another object of this invention is to provide a method for production of an absorbent resin which exhibits 
45 high level of absorption capacity under load as well as absorption capacity without load and, when used in a 
sanitary material, manifests a particularly excellent quality. 

The objects described are accomplished by a method for the production of an absorbent resin which com- 
prises mixing an absorbent resin as a carboxyl group- containing base polymer with a first cross-linking agent 
possessing a solubility parameter (SP value) of not less than 12.5 (cal/cm 3 ) 1/2 and exhibiting reactivity with 
50 the carboxyl group and a second cross-linking agent possessing a solubility parameter (SP value) of less than 
12.5 (cal/cm 3 ) 1/2 and exhibiting reactivity with the carboxyl group and heat-treating the resultant mixture at a 
temperature of not less than 160 °C. 

We have made a diligent study with a view to further improving the absorption properties of absorbent 
resin thereby accomplishing the objects described above and consequently found that a resin which retains 
55 various absorption properties, especially the absorption capacity without load at a high level and meanwhile 
exhibits a preeminently excellent absorption capacity underload is obtained by mixing an absorbent resin with 
two or more cross-linking agents having different solubility parameters and treating the resultant mixture at 
a temperature in a specific range. This invention has been perfected as a result 
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By the method of this invention, a resin which retains at a high level the absorption capacity without load, 
one of the basic physical properties of absorbent resin, and meanwhile excels in absorption properties under 
load, particularly the absorption capacity under load, can be produced easily and conveniently. 

The absorbent resin of this invention is advantageously used particularly in such sanitary materials as 
5 disposable diapers and sanitary napkins because it exhibits a high absorption capacity without toad, preemi- 
nently excels In the absorption capacity under load. 

Figure is a cross section of a device used in this invention for the measurement of absorption capacity 
under load. 

Now, this invention will be explained more specifically below. 

10 The absorbent resin which can be used as a base polymer in this invention belongs to the heretofore known 

resins of the kind sharing the ability to absorb a large volume of water and form a hydrogel. It must be pos- 
sessed of a carboxyl group. The resins which answer this description include partially neutralized cross-linked 
polyacrylic acid, hydrolyzed starch- acryl on itrile graft polymer, partially neutralized starch-acrylic acid graft 
polymer, saponified vinyl acetate-acrylic ester copolymers, hydrolyzed acrylonitrile copolymers or acrylamide 

15 copolymers or crossl inked products of such modified carboxyl group-containing cross-linked polyvinyl alcohol, 
and cross-linked isobutylene-maleic acid copolymer, for example. 

These absorbent resins as a base polymer are generally obtained by polymerizing a monomer component 
containing essentially at least one member selected from the group of such unsaturated carboxytic acids as, 
for example, acrylic acid, methacrylic acid, maleic acid, maleic anhydride, fumaric acid, crotonic acid, itaconic 

20 acid, p-acryJoxy propionic acid, and products of neutralization thereof. Among monomer components men- 
tioned above, acrylic acid, methacrylic acid, and products of neutralization thereof prove particularly prefer- 
able. 

For the production of the absorbent resin as the base polymer in this invention, the unsaturated carboxylic 
acid may be polymerized, when necessary, in conjunction with other monomer. As typical examples of the 

25 other monomer just mentioned, anionic unsaturated monomers and salts thereof such as vinyl sulfonic acid, 
styrene sulfonic acid, 2-(meth)acrylamide-2-methylpropane sulfonic acid, 2-(meth)acryloylethane sulfonic 
acid, and 2-<meth)acryloyl propane sulfonic acid; nonionic hydrophilic group- containing unsaturated mono- 
mers such as acrylamide, methacrylamide, N-ethyl(meth)acrylamide, N-n- propyl (met h)acryl amide, N-isopro- 
pyl-(meth)acrylamide, N, N-d i met hyl-( met h)acryl amide, 2-hydroxyethyl-(meth)acrylate, 2-hydroxy-propyl- 

30 (meth)acrylate, methoxy polyethylene glycol-(meth)-acrylate, polyethylene glycol mono(meth)acrylate, vinyl 
pyridine, N-vinyl pyrrolidone, N-acryloyl piperidine, and N-acryloyl pyrrolidine; and cat ionic unsaturated mono- 
mers such as N,N-dimethyl aminoethyl-(meth)acrylate, N, N-d i et hyl am i noethyl- (met h) acryl ate, N,N-dimethy- 
!aminopropyt-(meth)acrylate, N,N-dimethylaminopropyl(meth)acrylamide, and quaternary salts thereof may 
be cited. 

35 The amount of the carboxyl group contained by the absorbent resin as the base polymer is not particularly 

limited. It is, however, desired to be not less than 0.01 equivalent weight of carboxyl group, based on 100 g of 
the absorbent resin as the base polymer. In the case of a partially neutralized cross-linked polyacrylic acid, 
for example, the proportion of the unneutral ized polyacrylic acid is desired to be in the range of 1 to 60 mol%, 
more preferably in the range of 10 to 50 mol%. 

40 The absorbent resin as the base polymer is produced more preferably by causing the monomer component 

to copolymerize or react with a very small amount of an internal cross-linking agent containing at least two 
polymerizable unsaturated groups or at least two reactive groups than by causing the monomer component 
to cross-link in itself without using any external cross-linking agent. 

As typical examples of the internal cross-linking agent, N,N'-methylenebis(meth)acryiamide, 

45 (poly)ethylene glycol di(meth)acrytate, (poly) propylene glycol di(meth)acrylate, tri met hylol propane tri- 
(meth)acrylate, glycerol tri(meth)-acrytate, glycerol acrylate methacrylate, ethylene oxide-modified trimethy- 
lolpropane tri(meth)acrylate, pentaerythritol-tetra-(meth)acrytate, pentaerythritol hexa(meth)acrylate, triallyl 
cyanurate, triallyl isocyanurate, triallyl phosphate, triallyl amine, poly(meth)allyloxy alkanes, (pdy)ethylene 
glycol diglycidyl ether, glycerol diglycidyl ether, ethylene glycol, polyethylene glycol, propylene glycol, pentaer- 

50 ythritol, ethylene diamine, polyethylene imine, and glycidyl (met h)acrylate may be cited. Optionally, these in- 
ternal cross-linking agents may be used in the form of a mixture of two or more members. On account of various 
factors such as, for example, the absorption properties of the produced absorbent resin, it is preferable to use 
essentially the internal cross-linking agent as a compound having at least two polymerizable unsaturated 
groups. The amount of this compound to be used in the range of 0.005 to 2 mol%, preferably 0.01 to 1 mol%, 

55 based on the amount of the monomer component mentioned above. 

When the monomer component mentioned above is polymerized for the production of the absorbent resin 
as the base polymer in this invention, this polymerization may be carried out in the form of bulk polymerization 
or precipitation polymerization. In the light of the quality of the final product and the ease of control of the 
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polymerization, however, it is preferable to prepare the monomer component in the form of an aqueous solution 
and subject the aqueous solution to solution polymerization or reversed-phase suspension polymerization. 

To be used advantageously in this invention, the absorbent resin as the base polymer which is obtained 
by the method of polymerization mentioned above is in the shape of amorphous fragments, beads, fibers, 

5 rods, roughly spherical granules, or similars. In the light of such factors as the ability to diffuse liquid and the 
resistance to migration in or separation from pulp which are attendant on the use of absorbent resin in sanitary 
materials, the absorbent resin as the base polymer obtained by solution polymerization in the form of amor- 
phous fragments having an average particle diameter in the range of 100 to 1,000 urn, preferably in the range 
of 300 to 600 urn proves most desirable. 

10 Further, the absorbent resin as the base polymer can be handled as powder when the water content there- 

of is in the range of 1 to 50% by weight, preferably 1 to 20% by weight, and more preferably 1 to 10% by weight. 
If the water content exceeds 50% by weight, the possibility ensues that the first cross-linking agent and the 
second crosslink in g agent to be used in this invention will deeply permeate the particles of the absorbent resin 
as the base polymer to the extent of not only degrading the absorption capacity but also preventing the im- 

15 provement of the absorption properties under load of the produced absorbent resin. 

The first cross-linking agent which can be used in this invention is required to possess a solubility para- 
meter (SP value) of 12.5 (cal/cm 3 ) 1/2 and exhibit reactivity with a carboxyl group. The solubility parameter (SP 
value) is used generally as a factor representing the polarity of a given compound. This invention adopts the 
numerical value of the solubility parameter 6 (cal/cm 3 ) 1 ' 2 of solvent reported in the "Polymer Handbook," third 

20 edition (Wiley Interscience Corp), Vli-527 to 539. For a cross-linking agent which is not included in the table, 
this invention proposes to adopt the numerical value 5 (cal/cm 3 ) 1/2 which is derived by substituting the Hoy's 
cohesive energy constant reported in VII-525 ibidem in the Small's formula found in VII-524 ibidem. 

As typical examples of the first cross-linking agent which possesses such a solubi lity parameter (SP value) 
of not less than 12.5 [(cal/cm 3 ) 1/2 ] and exhibits reactivity with a carboxyl group, ethylene glycol, propylene gly- 

25 col, glycerol, polyglycerol, pentaerythritol, sorbitol, ethylene carbonate, propylene carbonate, etc. may be cited. 
One member or a mixture of two or more members selected from among these examples may be used effec- 
tively. Preferably, this solubility parameter (SP value) is in the range of 13.0 to 18.0 (cal/cm 3 ) 172 . 

The second cross-linking agent which is effectively usable in this invention must possess a solubility para- 
meter (SP value) of less than 12.5 (ca!/cm 3 ) 1/2 and exhibit reactivity with a carboxyl group. As typical examples 

30 of the second cross-linking agent, di ethylene glycol, t net hyl en e glycol, tetraethyl en e glycol, dipropylene glycol, 
tri propylene glycol, 1,3-butanediol, 1,4-butanediol, 1,5-pentanediol, 2,4-pentanediol, 1,6-hexanediol, 2,5-hex- 
anediol, trimethylol propane, diethanol amine, triethanolamine, ethylene glycol diglycidyl ether, polyethylene 
glycol diglycidyl ether, glycerol polyglycidyl ether, d [glycerol polyglycidyl ether, polyglycerol polyglycidyl ether, 
propylene glycol diglycidyl ether, polypropylene glycol diglycidyl ether, ethylene diamine, diethylenetriamine, 

35 triethylenetetramine,2,4-tolylene diisocyanate, hexamethylene diisocyanate, 4,5-dimethyl-1 ,3-dk>xo!an-2-on, 
epichlorohydrin, and epibromohydrin may be cited. One member or a mixture of two or more members selected 
from among these cross-linking agents can be used effectively herein. Preferably, the solubility parameter 
(SP value) is in the range between not less than 9.5 (cal/cm 3 ) 1/2 and less than 12.0 (cal/cm 3 ) 1/2 

As the cross-linking agent for this invention, it is necessary to use at least one member selected from the 

40 group of typical examples of the first cross-linking agent and at least one member selected from the group of 
typical examples of the second cross-linking agent cited above. The production of an absorbent resin excellent 
in absorption properties under load which is aimed at by this invention cannot be attained by the sole use of 
one species of the first cross-linking agent or one species of the second cross-linking agent or by the combined 
use of two or more members selected from either the group of first cross! in king agents or the group of second 

45 cross-linking agents cited above. 

The selection of the first and second cross-linking agents is preferable to be such that the difference be- 
tween the solubility parameter (SP value) of the first crossl inking agent and the solubility parameter (SP value) 
of the second cross-linking agent is not less than 2 (cal/cm 3 ) 1/2 . If the difference of the two solubility parameters 
(SP values) is less than 2 (cal/cm 3 ) 1 ' 2 , the possibility arises that the effect to be derived from the use of these 

so two species of cross-linking agent will not be easily manifested and the improvement of absorption properties 
under toad will be attained with difficulty. Preferably, the selection of the first and second cross-linking agents 
is such that the difference of the solubility parameter (SP value) of the first cross-linking agent and the solu- 
bility parameter (SP value) of the second cross-linking agent is not less than 3 (cal/cm 3 ) 1/2 

The first cross-linking agent is preferable to have a molecular weight of not more than 200 and the second 

55 cross-linking agent to have a molecular weight of not more than 350. If the molecular weight of the first cross- 
linking agent exceeds 200, the possibility ensues that the first cross-linking agent will not permeate the par- 
ticles of the absorbent resin as the base polymer deeply through the surface thereof but tend to stagnate in 
the surface region thereof and the absorption properties of the produced absorbent resin under load will be 
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improved with difficulty. If the molecular weight of the second cross-linking agent exceeds 350, the possibility 
arises that this second crosslinking agent will only sparingly permeate the particles of the absorbent resin as 
the base polymer and the absorption properties of the produced, absorbent resin underload will be improved 
only with difficulty. Preferably, the first cross-linking agent has a molecular weight in the range of 50 to 150 

5 and the second cross-linking agent a molecular weight in the range of 150 to 300. 

The amounts of the first and second cross-linking agents to be used in this invention are variable with 
the particular kinds of these cross-linking agents to be adopted. Generally, the amount of the first cross-linking 
agent is in the range of 0.001 to 10 parts by weight and that of the second cross-linking agent in the range of 
0.001 to 10 parts by weight respectively based on 1 00 parts by weight of the solids of the absorbent resin as 

10 the base polymer. If the amounts of the first and second crosslinking agents both exceed 1 0 parts by weight, 
their excesses not only prove wasteful but also fail to make any contribution to the accomplishment of the op- 
timum effect of cross-linking aimed at by this invention. Conversely, if their amounts are less than 0.001 part 
by weight the effect of improving the various absorption properties under load is attained with difficulty. Ideal- 
ly, the amount of the first cross-linking agent is in the range of 0.01 to 8 parts by weight, preferably 0.1 to 5 

15 parts by weight and that of the second cross-linking agent is in the range of 0.001 to1 part by weight, preferably 
0.005 to 0.5 part by weight. 

When the absorbent resin as the base polymer is mixed with the first and second cross-linking agents, 
the present invention prefers the mixture to proceed in the presence of water. The amount of water to be used 
for the sake of this mixture in the present invention is variable with the kind, particle size, and water content 

20 of the absorbent resin to be used as the base polymer. Generally, this amount is not more than 10 parts by 
weight, preferably in the range of 0.5 to 5 parts by weight, based on 100 parts by weight of the solids of the 
absorbent resin as the base polymer. 

This invention permits use of a hydrophilic organic solvent for the sake of the mixture of the absorbent 
resin as the base polymer with the first and second cross-linking agents. As typical examples of the hydrophilic 

25 organic solvent which is used effectively herein, lower alcohols such as methyl alcohol, ethyl alcohol, n-propyl 
alcohol, iso propyl alcohol, n- butyl alcohol, isobutyl alcohol, and t- butyl alcohol; ketones such as acetone; 
ethers such as dioxane and tetrahydrofuran; amides such as N,N-di methyl formamide; and sulfoxides such 
as dimethyl sulfoxide may be cited. The optimum amount of the hydrophilic organic solvent to be optionally 
used in this invention is variable with the kind and the particle size of the absorbent resin as the base polymer. 

30 Generally, this amount is not more than 20 parts by weight, preferably in the range of 1 to 10 parts by weight, 
based on 100 parts by weight of the solids of the absorbent resin as the base polymer. 

This invention permits the mixture of the absorbent resin as the base polymer with the first and second 
crosslinking agents to proceed in an organic solvent in which the absorbent resin as the base polymer had 
been dispersed in advance. For the purpose of enabling the absorption properties underload obtained by this 

35 invention to be manifested to the highest possible advantage, it is preferable to adopt the method that the first 
and second cross-linking agents (and it necessary water and/or the hydrophilic organic solvent) is directly 
sprayed or added dropwise to the absorbent resin as the base polymer. When water is used for the sake of 
the mixture, water- insoluble fine powders may be present at the site of this mixture. 

A device to be ideally used for the sake of this mixture must generate a large mixing power to ensure ho- 

40 mogeneous mixture of the components. Typical examples of the mixing device which is used effectively in this 
invention include cylindrical mixing devices, double-wall conical mixing devices, V-shaped mixing devices, rib- 
bon type mixing devices, screw-type mixing devices, fluidized bed rotary disk type mixing devices, air current 
type mixing devices, twin-arm type kneaders, internal mixing devices, rotary type mixing devices, and screw 
type extruding devices, for example. 

45 In the present invention, the mixture resulting from the mixture of the absorbent resin as the base polymer 

with the first and second cross- 1 inking agents is subsequently heated to effect cross-linking of the surface 
region of the particles thereof. 

In this invention, the heat treatment to be performed after the addition of the cross-linking agents adopts 
a temperature of not less than 160 °C. If the temperature of this heat treatment is less than 160 °C, the heat 

50 treatment consumes an unduly long time and entails a sacrifice of productivity and the uniformity of cross- 
linkage owing to the use of both the first and second crosslinking agents is not accomplished and, consequent- 
ly, the production of an absorbent resin excelling in absorption properties underload aimed at by this invention 
is not attained. The temperature of the heat treatment is desired to be in the range of 170 to 230 °C, preferably 
180 to 220 °C. 

55 The heat treatment can be carried out by the use of a conventional drying device or heating furnace. As 

concrete examples of the heating device, groove type mixing-drying devices, rotary drying devices, desk dry- 
ing devices, fluidized-bed drying devices, air current drying devices, and infrared drying devices may be cited. 
The absorbent resin which is produced by the method of this invention exhibits heretofore unattainable 
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excellent physical properties such as, for example, an absorption capacity without load of 45 (g/g) with respect 
to physiological saline solution and an absorption capacity under load of 30 (ml/g) with respect to artificial ur- 
ine. 

Heretofore, the problem has prevailed that the absorption capacity without load is increased at a sacrifice 
5 of the absorption capacity under load and, conversely, the absorption capacity under load is increased at a 
sacrifice of the absorption capacity without load. The absorption resin produced by this invention exhibits ex- 
cellent absorption properties both without load and under load. Though the mechanism which causes this ex- 
cellent effect of the present invention remains yet to be elucidated, it may be logically explained by a postulate 
that since the absorbent resin as the base polymer is mixed with at least two species of cross-Unking agent 
10 having different solubility parameters and the resultant mixture is subjected to cross-linking at a temperature 
in the specific range, the distribution of the two cross-linking agents in the surface region of the particles of 
the absorbent resin is optimized and the cross-linking reaction of two cross-linking agents is accelerated, with 
the result that cross-linked layer having a specific density gradient heretofore never attained by the conven- 
tional method are formed in the surface region or its vicinity of the particles. Further, when the absorbent 
15 resin as the base polymer to be used in this invention has the form of amorphous fragments as described 
above, the produced absorbent resin acquires, in addition to the excellent absorption properties mentioned 
above, the ability to diffuse liquid therein and repress migration thereof in or separation thereof from pulp, 
i.e. the quality never found in the known absorbent resins. This absorption resin, therefore, is ideally used for 
sanitary materials. 

20 Optionally, the absorbent resin to be produced by this invention is allowed to incorporate therein such ad- 

ditives as deodorant, spice, inorganic powder, foaming agent, pigment, dye, hydrophilic filaments, fertilizer, 
oxidizing agent, reducing agent, water, and salts to acquire new functions. 

Now, this invention will be described more specifically below with reference to working examples. It should 
be noted, however, that the scope of this invention is not limited to these working examples. The physical prop- 
25 erties of the hydrophilic resin to be described in the working examples represent data which have been de- 
termined by the methods shown below. 

The properties of the absorbent resin have been determined by the following methods. 

(a) Absorption capacity (without load) 

This property was determined by uniformly placing 0.2 g of a given absorbent resin in a teabag-iike 
30 pouch (40 x 150 mm) of nonwoven fabric, immersing the pouch containing the sample in an aqueous 0.9 

wt% sodium chloride solution (physiological saline solution), removing the wet pouch from the solution 
after 30 minutes* standing therein, allowing the solution to strain out of the wet pouch for a prescribed 
length of time, weighing the pouch to find the weight (W^. repeating the same procedure while avoiding 
use of the absorbent resin, finding the weight (W 0 ) of the wet pouch, and performing the calculation of 
35 the following formula 1. 

Absorption capacity (g/g) = (Weight W, after absorption (g) - Weight W 0 of blank (g))/(Weight of absor- 
bent resin (g)) (1) 

(b) Absorption capacity under load 

With the aid of an apparatus constructed as illustrated in Figure, this property was determined by 
40 plugging an upper mouth 2 of a buret 1 with a stopper 3, setting a measuring base 4 and an air inlet 5 at 

an equal level, placing a filter paper 7 on a glass filter 6 of a diameter of 70 mm located in the central part 
of the measuring base 4, fixing a non-woven fabric 8 at the lower terminal part of a supporting cylinder 
10 of a diameter of 55 mm, uniformly scattering 0.2 g of a given absorbent resin 11 on the non-woven fabric 
8, placing a load of 20 g/cm 2 on the scattered sample 1 1 , mount ing the total of non-woven fabric, absorbent 
45 resin, and load as held in the supporting cylinder on the filter paper 7 spread on the glass fiber 6, allowing 

artificial urine (containing 1 .9% of urea, 0.8% of NaCI, 0.1% of CaCI 2 , and 0.1% of MgS0 4 ) to be absorbed 
by the absorbent resin for 30 minutes thereby finding the volume (Ami) of the artificial urine so absorbed, 
and performing the calculation of the following formula 2. 

Absorption capacity under load (ml/g) = A (ml)/0.2 (g) (2) 

so (c) Suction power 

This magnitude was determined by pouring 20 ml of artificial urine over tissue paper thereby prepar- 
ing a substrate material containing the artificial urine, placing 1 g of a given absorbent resin on the tissue 
paper and, after the elapse of 10 minutes, collecting a swollen gel, and weight the gel thereby finding suc- 
tion power (g/g). 

55 (d) Amount of liquid absorbed by a model diaper under load 

This magnitude, i.e. the amount of artificial urine absorbed by a model diaper under load, was deter- 
mined by securing a commercially available infant disposable diaper (L size), removing the core of the di- 
aper, inserting as a replacement therefor a core having 7.5 g of a given absorbent resin buried in 30 g of 
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a wad of pulp thereby completing a test diaper (W 0 g), keeping the test diaper immersed for 60 minutes 
in artificial urine kept under a load of 20 g/cm 2 , removing the wet diaper from the artificial urine, straining 
the urine out of the wet diaper, weighing the diaper to find the weight (W, g), and finding the amount of 
the artificial urine (g) absorbed by this model diaper under load mentioned above by subtracting W 0 from 
5 W,. 

Referential Example 

In 5,500 g of an aqueous solution of sodium aery] ate having a neutralization ratio of 75 mol% (monomer 
10 concentration 33%), 1.58 g of N.N'-methylene bis-acryl amide as a cross-linking agent was dissolved. The aqu- 
eous solution was deaerated with nitrogen gas for 30 minutes and supplied to a lidded reaction vessel having 
an inner volume of 10 liters and provided with a jacketed stainless steel twin-arm kneader fitted with twosigma 
vanes and left standing therein at a temperature of 30 °C, with the reaction system displaced with nitrogen. 
Then, the monomer in the reaction vessel, after the elapse of one minute following the addition thereto 
15 of 2.4 g of ammonium persulfate and 0.12 g of 1 -ascorbic acid, began to polymerize. After 16 minutes of the 
polymerization, the peak temperature in the reaction system reached 83 °C and the hydrated gel polymer was 
divided into particles about 5 mm in diameter. The stirring of the contents of the reaction vessel was further 
continued. After 60 minutes of the polymerization, the hydrated gel polymer was extracted from the reaction 
vessel. 

20 The minute particles of hydrated gel polymer thus obtained were spread on a metallic net of 50 mesh and 

dried with hot air at 150 °C for 90 minutes. The dried particles were pulverized with a shaking mill and further 
classified with a 20-mesh screen. Consequently, an absorbent resin (1) having an average particle diameter 
of 400 p.m was obtained as a base polymer. 

25 Example 1 

A mixed cross-linking agent solution containing 1 part of glycerol (SP value 5 = 16.5) as a first crosslinking 
agent,0.05 part of ethylene glycol diglycidyl ether (SP value 8 = 10.2) as a second cross-linking agent, 3 parts 
of water, and 1 part of ethyl alcohol was mixed with 100 parts of the absorbent resin (1) obtained as a base 
30 polymer in Referential Example 1. The resultant mixture was heat-treated at 195 °C for 40 minutes. The pro- 
duced absorbent resin (1) was tested for quality. The results are shown in Table 1. 

Example 2 

35 A mixed cross-linking agent solution containing 2 parts of ethylene carbonate (SP value 6 = 14.7) as a 

first cross-linking agent, 0.1 part of glycerol polyglycidyt ether (SP value 8 - 10.8) as a second cross-linking 
agent, 4 parts of water, and 1 part of isopropyl alcohol was mixed with 1 00 parts of the absorbent resin obtained 
as a base polymer in Referential Example 1. The resultant mixture was heat-treated at 180 °C for 60 minutes. 
The produced absorbent resin (2) was tested for quality. The results are shown in Table 1 . 

40 

Example 3 

A mixed cross-linking agent solution containing 3 parts of propylene glycol (SP value 8 = 12.6) as a first 
cross-linking agent, 0.1 part of propylene glycol diglycidyl ether (SP value 8 = 10.1) as a second cross-linking 
45 agent, 5 parts of water, and 2 parts of methanol was mixed with 100 parts of the absorbent resin obtained as 
a base polymer in Referential Example 1. The resultant mixture was heat-treated at 195 °C for 40 minutes. 
The produced absorbent resin (3) was tested for quality. The results are shown in Table 1 . 

Example 4 

50 

A mixed cross-linking agent solution containing 2 parts of ethylene glycol (SP value 8 = 14.6) as a first 
cross-linking agent, 0.1 part of diet hylene triamine (SP value 8 = 10.7) as a second cross-linking agent, 2 parts 
of water, and 1 part of isopropyl alcohol was mixed with 100 parts of the absorbent resin (1) obtained as a 
base polymer in Referential Example 1. The resultant mixture was heat-treated at 180 °C for 60 minutes. The 
55 produced absorbent resin (4) was tested for quality. The results are shown in Table 1. 
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Control 1 

A mixed cross-linking agent solution containing 1 part of glycerol (SP value 6 = 16.5), 3 parts of water, 
and 1 part of ethyl alcohol was mixed with 100 parts of the absorbent resin (1) obtained as a base polymer in 
Referential Example 1. The resultant mixture was heat-treated at 1 95 °C for 40 minutes. The produced absor- 
bent resin (1) for comparison was tested for quality. The results are shown in Table 1. 

Control 2 

A mixed cross-linking agent solution containing 0.05 part of ethylene diglycid yt ether (SP value 6 = 1 0.2), 
3 parts of water, and 1 part of ethyl alcohol was mixed with 100 parts of the absorbent resin (1) obtained as 
a base polymer in Referential Example 1 . The produced absorbent resin (2) for comparison was tested for qual- 
ity. The results are shown in Table 1. 

Control 3 

A mixed cross-linking agent solution containing 1 part of glycerol (SP value 5 = 16.5) as a first crossl inking 
agent,0.05 part of ethylene glycol diglycidyl ether (SP value S = 10.2) as a second cross-linking agent, 3 parts 
of water, and 1 part of ethyl alcohol was mixed with 100 parts of the absorbent resin (1) obtained as a base 
polymer in Referential Example 1 . The resultant mixture was heat-treated at 140 °C for 40 minutes. The pro- 
duced absorbent resin (3) for comparison was tested for quality. The results are shown in Table 1. 

Control 4 

A mixed cross-linking agent solution containing 1 part of 1,3- butanediol (SP value 8 11.6), 0.05 part of ethy- 
lene glycol diglycidyl ether (SP value S = 10.2), 3 parts of water, and 1 part of ethyl alcohol was mixed with 
1 00 parts of the absorbent resin (1) obtained as a base polymer in Referential Example 1. The resultant mixture 
was heat-treated at 195 °C for 40 minutes. The produced absorbent resin (4) for comparison was tested for 
quality. The results are shown in Table 1. 

Control 5 

A mixed cross-linking agent solution containing 1 part of glycerol (SP value 5 = 16.5), 2 parts of ethylene 
carbonate (SP value 5 = 14.7), 5 parts of water, and 1 part of ethyl alcohol was mixed with 100 parts of the 
absorbent resin (1) obtained as a base polymer in Referential Example 1. The resultant mixture was heat- 
treated at 195 °C for 40 minutes. The produced absorbent resin (5) for comparison was tested for quality. The 
results are shown in Table 1. 
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45 

Claims 

1. A method for the production of an absorbent resin which comprises mixing an absorbent resin as a base 
so polymer possessing a carboxyl group with a first crosslinking agent possessing a solubility parameter (SP 

value) of not less than 12.5 (cal/cm 3 ) ty2 and exhibiting reactivity with said carboxyl group and a second 
cross-linking agent possessing a solubility parameter (SP value) of less than 12.5 (cal/cm 3 ) 1/2 and sub- 
jecting the resultant mixture to a heat treatment at a temperature of not less than 160 °C. 

55 2. A method according to claim 1 , wherein said first cross-linking agent has a solubility parameter (SP value) 
in the range of 13.0 to 18.0 (cal/cm 3 ) 1 ' 2 . 

3. A method according to claim 1, wherein said second cross-linking agent has a solubility parameter (SP 
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value) in the range of from not less than 9.5 (cal/cm 3 ) 1 ' 2 to less than 12.0 (cal/cm 3 ) 1 ' 2 . 

4. A method according to claim 1, wherein said first and second cross-linking agents are selected so that 
the difference between the solubility parameter (SP value) of said first cross-linking agent and the sol- 
ubility parameter (SP value) of said second cross-linking agent is not less than 2 (cal/cm 3 ) 172 . 

5. A method according to claim 1 , wherein said first cross-linking agent has a molecular weight of not more 
than 200 and said second cross-linking agent has a molecular weight of not more than 350. 

6. A met hod according to claim 1, wherein the amount of said first cross-linking agent is in the range of 0.001 
to 10 parts by weight and that of said second crosslinking agent in the range of 0.001 to 10 parts by weight, 
both based on 100 parts by weight of the solids of said absorbent resin as a base polymer. 

7. A method according to claim 1 , wherein said mixture is carried out in the presence of not more than 10 
parts by weight of water based on 1 00 parts by weight of solids of said absorbent resin as a base polymer. 

8. A method according to claim 1, wherein the amount of said carboxyt group of said absorbent resin as a 
base polymer is not less than 0.01 equivalent weight per 100 g of said absorbent resin. 

9. A method according to claim 1, wherein said absorbent resin as a base polymer is a partially neutralized 
cross-linked polyacrylic acid and the proportion of the unneutralized polyacrylic acid is in the range of 1 
to 60 mol%. 

10. A method according to claim 1, wherein the water content of said absorbent resin as a base polymer is 
in the range of 1 to 10% by weight. 

11. A method according to claim 7, wherein said mixture is carried out in the presence of 0.5 to 5 parts by 
weight of water based on 100 parts by weight of the solids of said absorbent resin as a base polymer. 

12. A method according to claim 1, wherein the amount of said first cross-linking agent is in the range of 0.01 
to 8 parts by weight and that of said second crosslinking agent in the range of 0.001 to 1 part by weight, 
both based on 100 parts by weight of the solids of said absorbent resin as a base polymer. 

13. A method according to claim 1, wherein said heat treatment is carried out at a temperature in the range 
of 170 to 230 °C. 

14. A method according to claim 1 , wherein the amount of said first cross-linking agent is in the range of 0.1 
to 5 parts by weight and that of said second crosslinking agent in the range of 0.005 to 0.5 part by weight, 
both based on 100 parts by weight of the solids of said absorbent resin as a base polymer. 
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